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PREFACE 
 
 
 
 
This thesis is the result of my work carried out in the Department of Chemistry, 
Universiti Teknologi Malaysia between July 2010 and August 2012 under the 
supervision of Dr. Norazah Basar and Dr Razauden bin Mohamed Zulkifli. Parts of 
my work described in this thesis have been reported in the following publications: 
 
 
1. Kok Tong Wong and Norazah Basar (2012). Coumarins via Knoevenagel 
Condensation Reaction (KCR) and Pechmann Condensation Reaction. National 
Science Postgraduate Conference 2011 (NSPC), 16-17 November 2011, at Ibnu 
Sina Institute, UTM, Johor Bahru, Malaysia. Jurnal Teknologi. 57: 83-98.  
 
2. Kok Tong Wong, Norazah Basar and Razauden Mohamed Zulkifli (2012). 
Synthesis of Substituted Coumarin. Paper presented at the 2
nd
 National 
Symposium In Organic Synthesis 2012 (NaSOS II) at Concorde Hotel, Shah Alam, 
Selangor. 16-17 July 2012. 
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ABSTRACT 
 
 
 
 
Coumarin is a naturally occurring compounds being present in several 
plants and also can be produced through organic synthetic reactions. In this study, 
substituted coumarins of 3-acetylcoumarin, 3-acetyl-7-(diethylamino)coumarin, 
7-(diethylamino)-3-(1-oxobutyl)coumarin, 3-oxobutyl-3H-naphtho[2,1-b]pyran-2- 
one, 6-bromo-3-(1-oxobutyl)coumarin and 8-methoxy-3-(1-oxobutyl)coumarin were 
synthesized via Knoevenagel condensation reaction of respective 2-hydroxy- 
benzaldehyde derivatives with active methylene group from ethyl acetate or ethyl 
butyrylacetate under basic condition. Meanwhile, 7-hydroxy-4-methylcoumarin, 
4-methyl-2H-benzo[h]chromen-2-one, 7-hydroxy-4,8-dimethylcoumarin, 7-hydroxy- 
4-propylcoumarin, 4-propyl-2H-benzo[h]chromen-2-one, 7-hydroxy-8-methyl-4- 
propylcoumarin and 7,8-dihydroxy-4-propylcoumarin were prepared through 
Pechmann condensation reaction by the condensation of respective substituted 
phenol and β-keto-ester in the presence of sulphuric acid as a catalyst. Futher 
methylation reaction on 7-hydroxy-4-methylcoumarin with iodomethane catalysed 
by K2CO3 gave 7-methoxy-4-methylcoumarin. Modification of hydroxyl group of 
7,8-dihydroxy-4-propylcoumarin using butyric anhydride and dry pyridine yielded 
7,8-bis-(1-oxobutoxy)-4-propylcoumarin. In addition, 7-hydroxy-4,8-dimethyl- 
coumarin was converted to 7-benzyloxy-4,8-dimethylcoumarin through reaction of  
benzyl chloride in dry acetone. In addition, 7,8-methylenedioxy-4-propylcoumarin 
undergoes Williamson etherification reaction which involved SN2 mechanism 
between secondary alkyl halide with potassium salt of a phenoxide. All compounds 
were characterized by spectroscopic techniques using infrared (IR), proton and 
carbon nuclear magnetic resonance (
1
H and 
13
C NMR), and mass spectrometry (MS). 
The synthesized compounds were tested for their antioxidant and antibacterial 
activities. It was found that the hydroxylated coumarin derivatives of 
7,8-dihydroxy-4-propylcoumarin were tested positive towards 2,2-diphenyl-1-picryl- 
hydrazyl (DPPH) assay with IC50 value of 4.09 g/mL while other hydroxylated 
compounds were inactive. The antibacterial activity show that 6-bromo- 
3-(1-oxobutyl)coumarin exhibited as strong antibacterial agent against B. subtilis 
bacteria with MIC value 56.25 g/mL. 7,8-Methylenedioxy-4-propylcoumarin 
showed strong activity to all Gram-positive bacteria. 
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ABSTRAK 
 
 
 
 
Kumarin adalah sebatian semulajadi yang terdapat dalam tumbuhan dan 
juga boleh dihasilkan melalui tindak balas sintesis organik. Dalam kajian ini, 
kumarin tertukarganti iaitu 3-asetilkumarin, 3-asetil-7-(dietilamino)kumarin, 
7-(dietilamino)-3-(1-oksobutil)kumarin, 3-oksobutil-3H-naftol[2,1-b]piran-2-on, 
6-bromo-3-(1-oksobutil)kumarin dan 8-metoksil-3-(1-oksobutil)kumarin disintesis 
melalui tindak balas kondensasi Knoevenagel (KCR) menggunakan terbitan 
2-hidroksibenzaldehid dengan kumpulan metilena yang aktif daripada etil asetoasetat 
atau etil butirilasetat dalam keadaan bes. Sementara itu, 7-hidroksi-4-metilkumarin, 
4-metilbenzo[h]kumarin, 7-hidroksi-4,8- dimetilkumarin, 7-hidroksi-4-propilkumarin, 
4-propilbenzo[h]kumarin, 7-hidrosil-8-metil-4-propilkumarin dan 7,8-dihidroksil-4- 
propilkumarin disediakan melalui tindak balas kondensasi Pechmann ke atas fenol 
tertukarganti dan β-keto ester dengan kehadiran asid sulfurik sebagai mangkin. 
Tindak balas pemetilan ke atas 7-hidroksi-4-metilkumarin dengan metil iodida 
dimangkinkan oleh K2CO3 memberikan 7-metoksi-4-metilkumarin. Pengubahsuaian 
ke atas kumpulan hidroksil bagi 7,8-dihidroksi-4-metilkumarin menggunakan butirik 
anhidrida dan piridina kering menghasilkan 7,8-bis-(1-oksobutoksi)-4-propilkumarin. 
7-Hidroksi-4,8- dimetilkumarin telah diubah kepada 7-benziloksi-4,8-dimetilkumarin 
melalui tindak balas dengan benzil klorida dalam pelarut aseton kering. Di samping 
itu, 7,8-metilenedioksi-4-propilkumarin disediakan melalui tindak balas eterifikasi 
Williamson melalui mekanisme SN2 di antara alkil halida sekunder dan garam kalium 
fenoksida. Semua hasil tindak balas dicirikan dengan kaedah spektroskopi 
inframerah (IM), resonans magnet nukleus (RMN 
1
H and 
13
C) dan spektrometri jisim 
(SJ). Sebatian yang disintesis telah melalui ujian aktiviti antioksida dan antibakteria. 
Terbitan hidroksi kumarin iaitu 7,8-dihidroksi-4-propilkumarin menunjukkan aktiviti 
positif terhadap 2,2-difenil-1-pikrilhidrazil (DPPH) dengan nilai IC50 4.09 g/mL 
manakala sebatian hidroksi yang lain didapati tidak aktif. Hasil ujian aktiviti 
antibakteria menunjukkan 6-bromo-3-(1-oksobutil)kumarin dikenalpasti sebagai 
agen antibakteria yang kuat terhadap bakteria B. subtilis dengan nilai MIC sebanyak 
56.25 g/mL. Manakala 7,8-metilenedioksi-4-propilkumarin menunjukkan aktiviti 
antibakteria yang kuat kepada semua bakteria Gram-positif dalam cerakinan 
antibakteria.  
  
 
